ABSTRACT
Introduction
Household finance is a relative new research field which has yet to establish a set of commonly accepted stylised facts (Campbell 2006) . Finance and portfolio theory predicts that households, once they have taken fixed costs into account, should gamble with expected positive returns and participate in a range of asset holdings (Merton 1971 (Merton , 1973 Campbell 2006, page 6) . Nevertheless, there are a substantial number of even wealthy households who have no exposure to equity risk (Carroll 2002) . This empirical finding characterizes household finance and represents a challenge to finance theory.
The literature on household diversification in financial markets also notes that household asset diversification behaviour differs strongly across the wealth distribution (Bertaut and Haliassos, 2006; Bertaut and Starr-McCluer, 2002; Tracy et al. 1999) . In particular, households in the lower quartile of the wealth distribution often hold almost exclusively liquid assets and vehicles, with few homeowners. Moving towards the median, the number of households holding real estate (mainly owner-occupied housing) increases and mortgage debt is consequently important for these middle-class households. Households in the top quartile of the wealth distribution are considerably more likely to include risky assets holdings in the form of private business assets (Gentry and Hubbard, 2004) . Equity has less relevance for middle class households, while portfolio share sensibly increases for wealthy households.
The limited participation by many households in the equity market observed in practice has also been explained by "ignorance" of stocks as an asset class, for example, Guiso and Jappelli (2005) find that 35% of Italian households were unaware of stocks as an investment possibility. Ignorance and misperceptions may constitute a barrier to stockholding that can be overcome by relevant education and free acquisition of information (Haliassos and Bertaut, 1995 and Guiso et al. 2005) . More educated households may also diversify their portfolios more efficiently and expect to earn higher returns per unit of risk when they decide to participate in financial markets. Further explanations include the presence of non-standard household preferences or the presence of fixed-costs that prevent financial market participation (Vissing-Jorgensen, 2003) ; lack of trust in other people (Guiso et al., 2005) ; and/or social isolation (Hong et al., 2004) .
This study exploits the very rich information collected by the Household, Income and Labour Dynamics in Australia (HILDA) 1 survey on household asset allocations to analyse the 3 determinants of Australian households' savings allocations. In particular, we jointly estimate the household asset diversification participation decision (whether or not to diversify) with the decision of how much to diversify, where the distribution of household's assets holdings is measured in terms of a standardised Gini Index.
Household wealth has only been rarely measured in Australia. The first survey was included in the national census of 1915 which found the top decile of the population was holding some 90% of the population's wealth (Headey et al, 2008 , page 2). The second survey undertaken was the Australian Survey of Consumer Expenditures and Finances (ASCEF); a joint effort between Macquarie and Queensland Universities, with data for over 5,000 urban households collected between 1966 and 1968 (Edwards et al, 1968 . The ASCEF survey was used by Podder (1971) to explore consumption patterns at the family level and by Kakwani and Podder (1973) to consider alternative procedures for estimating Lorenz curves for Australia. The ASCEF survey is also employed by Izan and Clements (1985) to estimate
Engel curves for, and the dispersion of, portfolio holdings across households. The ASCEF survey was constrained, however, by its focus on urban households and was criticized for consequently ignoring many poorer households in Australia. The third survey of household wealth was that included in the HILDA survey of 2002, in a special wealth module devised with the assistance of the Research Bank of Australia. The findings are reviewed at length in Heady et al (2008) . A common feature across all these surveys is that the share of wealth devoted to home ownership is very high in Australia, reflecting distinctive institutional features of the Australian economy.
Our contribution to the household finance literature is to combine recent literature on the modelling of proportions (Cook et al. (2008) with the small but growing body of empirical research concerning household financial decisions and assets allocations (Campbell 2006) to estimate asset holding diversification by Australian households. In the process, we will include findings from both the 2002 and the newer wealth module survey included in the 2006 wave of HILDA.
The remainder of the paper is organized as follows. Section 2 provides a brief overview of the estimation issues that arise when modelling the Gini index and a description of the model used in this study. Section 3 discusses the HILDA data, sample selection and the observed diversification of asset allocations. Section 4 considers the estimation results, Section 5 addresses robustness and Section 6 provides conclusions.
Melbourne Institute). The findings and views reported in this paper, however, are those of the authors and should not be attributed to either DSS or the Melbourne Institute. 4 2. Estimation.
Measuring Assets Holdings Diversification and the Gini Index
There are a range of possible measures of diversification that could be used; amongst the most popular are the Thiel, the Atkinson, and the Gini indices (for an extensive comparative discussion of these, and other, inequality measures see De Maio (2007)). The latter two indices can be generalised to allow for more (or less) weight on selected parts of the distribution being addressed. The Theil index is a General Entropy measure which is set equally sensitive to changes across the distribution (rather than, for example, applying higher weights to changes at the lower end of the distribution). The Atkinson indices have a variable weighting parameter measuring aversion to inequality, and share many properties with the more familiar Gini index. The Gini is often the preferred measure for economic researchers (and will be the preferred measure for for our study) because, deriving as it does from a comparison of the Lorenz curve with the diagonal of equality, it has relevant theoretical and statistical properties for economic analysis. It is a full information measure addressing all parts of the distribution, allows for flexible weighting possibilities, and enables direct comparison across populations.
The diversification of household assets holdings is therefore measured here in terms of the familiar Gini Index:
In the full heterogeneity situation, the household keeps all the assets holdings equally distributed across the k assets and the weights are equal across the different assets:
In order to have a standardized measure whose bounds do not depend on the number of assets k the following transformation is usually applied, yielding the standardized Gini Index (SGI):
The standardized Gini Index (SGI) is used in this study as the dependent variable in the empirical estimation.
Modelling Strategy
The preferred estimation model is strongly dictated by the nature of the dependent variable (the standardised Gini Index, SGI). Whilst the SGI is not a proportion per se, it is a function of proportions and can be regarded as a "proportion" from a modelling strategy perspective.
It is essential to allow for the bounded nature of the dependent variable which ranges continuously from 0 to 1, inclusively. A simple way to model response variables that range continuously from 0 to 1 is to use a logit transformation 2 , however, the logit transformation does not address the extreme values of 0 and 1. A practical solution would be to drop the observations with 0/1 values but that would imply a truncation problem. An alternative solution is to recode the extreme values ("winsoring") as 0.0001 or 0.9999. Some researchers have also used censored normal regression models to handle the presence of 0/1 values in proportion data (see Rajan and Zingales (1995); Cardac and Wilkins (2009) ). The Tobit model may seem appropriate for modelling the conditional mean of a continuously measured proportion, however, as Maddala (1991) points out, this kind of variable is not observationally censored but rather is defined only over the interval [0, 1] .
The Fractional Logit approach, developed by Papke and Wooldridge (1996) , can handle proportions where both zeros and ones may appear. This approach makes a combined use of the logit transformation for the response variable and the binomial distribution. While 6 properly handling 0/1 values, the model does not allow for an alternative data generating process for the extreme values. If different processes or factors yield the observations at the limiting point, a sample selection issue arises (Li and Nagpurnanand, 2007) .
The Zero-Inflated Beta (ZIB) model addresses the self-selection issue by allowing for differential influences on the zero and nonzero values (Cook et al., 2008) . The ZIB model exploits the idea of having a probability mass at zero and adopts the two-parameter beta distribution for the continuous portion of the distribution. Kieschnick and McCullough (2003) and Ferrari and Cribari-Neto (2004) provide evidence that a regression model based on the two-parameter beta distribution is a reasonable specification for modelling the conditional expectation of a variable distributed over (0,1). Following Cook et al. (2008) , the components of the Zero-Inflated Beta regression model are formulated as follows:
Where i X is a matrix of explanatory variables, and ( ) i α'X C represents the probability of choosing to diversify. Implementing a pooling approach implies each ( )
has T rows. Equation (1) models the probability mass at 0, but should be interpreted in terms of the probability of whether or not not to diversify. The second component of the model is:
The likelihood can be represented as:
Where φ is a parameter of the beta distribution (in the square brackets of equation 2 and the likelihood function). The beta distribution is defined according to the Generalized Linear
Model convention where one models the mean of the distribution of the dependent variable changing as the explanatory variables change. The explanatory variables X i enter the beta distribution through i μ (where each i μ has T rows):
The coefficients on X are not constrained to being the same, equivalently the vector α is not assumed to be the same as the vector β, since the discrete part of the distribution can potentially be modelled separately to the continuous part. In other words, the exogenous variables can have different effects on the decision to diversify than on the decision of how much to diversify. A logistic function is used here to represent the probability,
. Using a logistic function for this selection equation is consistent with other studies in the financial and expenditure literature (see Yoo, 2004) or in more technical studies (see Papke and Wooldridge, 1996) . HILDA collects information on a range of topics including economic and subjective well-being, labour market dynamics and family dynamics. Of particular relevance to a study of the portfolio allocation decisions of Australian households is the wealth survey module included in the second (2002) Cardak et al., 2009) , is consistent with observed employment behaviour in Australia (Mumford and Smith, 1999) , and allows for more consistent cross study comparison.
In order to consider the implications of unemployment risks (discussed further below), only those households where the HH is employed are included in the analysis (as information on subjective job insecurity is only available for individuals supplying a positive number of hours of work in HILDA). both waves, the full-time employment rate is substantially lower (59 per cent and 62 per cent in the first and second wave, respectively) for female HHs (see Table A1 in the Appendix).
Financial Assets Holdings
Household assets are grouped in the HILDA data according to the following eleven distinct components:
1. 11. Superannuation. Table 3 presents descriptive statistics for the households' holdings of these assets (as well as income and wealth measures). The largest shares in the households' financial portfolio are equity investments, bank accounts and superannuation. Superannuation is a mandatory employer-based retirement saving scheme in Australia introduced in 1992 as a support to the existing pay-as-you-go pension scheme whereby employers are required by Federal law to contribute to the employee's retirement account. Originally this contribution was around 3%
of the gross salary and has subsequently increased through the years reaching 9%. This mandatory retirement saving scheme now covers some 90% of the employees. (The superannuation scheme does not apply to employees who are older than 70; earn less than a minimum threshold per month; or younger than 18 and work less than 30 hours per week.)
Given the primarily mandatory nature of superannuation, this variable is excluded from the computation of the dependent variable, leaving 10 distinct categories of assets households can choose between. (The sensitivity of the results to this assumption is considered in Section superannuation.)
The main class of assets in equity investments are shares or common stock. Share ownership is widespread in Australia with 43% of households holding shares (see Table 3 ).
Other important household assets are houses, other properties and businesses. Differences in asset ownership through the wealth distribution are very apparent in Table 3 , this is particularly so for household net income; equivalised income 5 ; net worth (the difference between total assets, financial and non-financial, and total debts); and the risky assets ratio (the ratio of equity investments to total financial assets holding). The distribution of equity assets is highly skewed; the median household typically holds no risky assets, while households at the 75 th and 90 th percentiles hold on average $9,000 and $60,000 of these assets, respectively. The distribution of other holdings can also be seen to be highly skewed in Table 3 (such as cash holdings). As expected, there are also many zero recordings, especially amongst the lower percentiles. accounts, homes or vehicles). The spike also indicates that there could be a selection mechanism occurring. Implying factors affecting the decision to diversify could impact differently on the decision of how much to diversity given that the household has decided to diversify. 6 We will explore this further via estimation with the ZIB model below.
Explanatory variables.

Attitudes to Risk
It has long been recognised in the economic literature that individuals may react differently to the same risk scenario according to their attitude towards risk (their risk preferences).
Attitudes towards risk are approximated by the information contained in the response to the following survey question:
risk that you are willing to take with your spare cash? That is, cash used for savings or investment.
Take substantial risks expecting substantial returns;
Take above-average risks expecting above-average returns;
3. Take average financial risks expecting average returns;
Not willing to take financial risks;
Risk aversion is measured with an indicator variable set equal to 1 if the individual is not willing to take financial risks (response "4") and 0 otherwise. Risk loving is measured with an indicator variable that is equal to 1 if the individual either takes substantial risks expecting substantial returns (response "1") or takes above-average risks expecting above-average returns (response "2") and 0 otherwise. Table 2 reveals that 28 per cent of the households were risk averse in the pooled sample whilst only 11 per cent were risk loving. These are obviously only general indicators of risk attitude. Risk aversion and risk loving behaviour relate to very specific characteristics of the utility function which is clearly not being modelled here and are instead only being approximated (Hanna and Lindamood, 2004) .
Attitudes towards risk (being risk averse or risk loving) should be interpreted accordingly throughout this paper.
Measures of Background Risk
Many households face common relevant background risks: labour market income risk; health risk; and committed expenditure risk (see Table 2 ). By definition, all of the heads of households included in this study are employed; male HH are more likely to be employed in full time jobs (89 per cent) than are the female HH (61 per cent), see Table A3 in the Appendix).
Risk associated with health status can be seen both as a source of income risk as well as source of expenditure risk. Even though Australia provides access to public health care, in practice there are indirect costs that would reasonably be expected to arise in the case of a negative health shock. The health variable is based on a self-assessed measure ranging from 1 to 5, which is recoded as a binary variable indicating whether or not the individual reports that they have poor health status. Some one in ten heads of households report they have poor health status (Table 2) .
Committed expenditure risk is measured in terms of the burden of main residence mortgages and rent on household disposable income (i.e. mortgage and rent ratios). As discussed above, housing is an important long-term asset (especially for the middle-class) that also delivers housing services to owners. Housing is also an illiquid asset and it is costly for homeowners to adjust housing services consumption in response to economic shocks.
Illiquidity may have serious implications for both homeowners and non-homeowners including discouraging homeownership, and/or financial risk-taking by homeowners (Fratantoni, 2001; Cocco, 2005; Shore and Sinai, 2010; Davidoff, 2006) .
Housing plays an additional role as it can be used as collateral to facilitate borrowing and borrowing constraints are an important feature of household finance. In an inter-temporal setting, the households' future consumption is determined not only by their wealth and investment opportunities, but also by future net income if they are borrowing constrained.
Moreover, borrowing constraints vary across the age distribution: they are typically more binding for young households than for older households (who may have already accumulated retirement savings). The modelling of asset diversification clearly requires liquidity 7 Given two states i and j and two time periods, the probability of transitioning from one state (i) to another (j) can be expressed as { } − = = = Considering the demographic measures in more detail, the average household head in the pooled sample is 41.5 years old, 69 per cent of them are coupled, and two thirds of households have a dependent child present (Table 2) . Heckman and Robb (1985) and Ameriks and Zeldes (2004) argue that portfolio choice should be affected by time effects, age effects and cohort effects; however these effects, in particular cohort effects, cannot be easily disentangled 8 . In common with much of the literature (see Heaton and Lucas, 2000) cohort effects are set to zero here enabling the estimation of age effects.
According to Guiso et al. (2005) and Haliassos and Bertaut (1995) education is an able predictor of equity ownership as ignorance and misperceptions constitute a barrier to stockholding that can be overcome by education and the free acquisition of information.
Education is also a measure of human capital. Furthermore, more educated households can diversify their portfolios more efficiently and expect to earn higher returns per unit of risk when they decide to participate in financial markets 9 . There are considerable numbers of Australian households where the head has secondary or lower level education (some 36 per cent, see Table 2 ), with only 26 per cent having tertiary level qualifications.
Social interaction would be expected to facilitate transferral and effective sharing of information which may be an important determinant in assets distribution (Hong et al., 2004;  expectations of financial markets and consequently to behave more efficiently. Social interaction is measured from the respondent reporting his/her satisfaction to the statement "I feel part of my local community". The levels of satisfaction range from 0 (totally dissatisfied)
to 10 (totally satisfied). If the level of satisfaction is over the mid-point 5, the binary variable is set equal to 1 and the household is interpreted as socially interacting.
10 Table 2 also reports the geographical distribution of the selected households across the two waves. Even though there is some movement across the different regions, the household distribution is generally constant across years. The occupation and industry distributions also remain fairly stable across the two genders. Male HH's are more likely to be managers, technicians, machinery operators and drivers. In contrast, female HH's occupy more professional, clerical and administrative occupations. The majority of male HH's are employed in the manufacturing, construction and transportation industries, whereas most of female HH's are employed in the health care and education sectors.
Results
The results can be seen to be broadly consistent qualitatively across the three models as shown in Table 4 , however, there are notable examples of significant differences.
Considering the results in more detail, richer households, both in terms of disposable income and in terms of their net worth, are more likely to decide to diversify their asset holdings (column 3) 11 and to have a higher degree of asset diversification (columns 1, 2 and 4) in accordance with finance theory predictions. Analogously, households with liquidity constraints are less likely to have more extensive assets diversification and they are also less likely to diversify at all. Short term (up to 12 month) health and job insecurity concerns were predicted to be related to asset under-diversification. The results support these priors in both cases across all three models. And, compared to single person households, couples are found to be more likely to have more diverse asset holdings. The last parameter estimate reported in 10 The HILDA survey includes more than one potential measure of social interaction which we found to have less explanatory power, these measures include "satisfaction with the neighbourhood in which you live"; "how often get together socially with friends/relatives not living with you"; and 'I seem to have a lot of friends'. These variables appear to be capturing an active social life rather than being related to sharing financial information. The measure of social interaction that we include in our estimation better captures the idea conveyed by the model and is more consistent with the literature. 11 As discussed above, equation (1) models whether or not not to diversify, so the reported coefficients for the participation equation (reported in column 3) are rescaled by -1 to allow for intuitive interpretation; the discussion that follows, is therefore also conducted in terms of whether or not to diversify.
extent of diversification) of Considering the demographic variables, all the estimated models suggest a quadratic relationship between the distribution of asset holding and age (see columns 1, 2 and 4). The turning points with respect to age are approximately 60 years in each estimate. Having crossed the turning points, it is less likely that the households will increase the extent of their asset holding diversification. Whilst qualitatively similar, the decision to participate in asset holding diversification (column 3) is actually not found to be significantly related to age:
neither the level nor the quadratic are significantly different from zero in the selection equation.
The presence of dependent children is associated with being more likely to choose to participate in diversification but not found to be significantly related to the distribution of household asset holding 12 in any of the three models, this is perhaps unsurprising as children are not likely to be directly involved in this diversification.
Considering the potentially important relationship between education and asset diversification (the omitted category is less than secondary school education), there is evidence that completing secondary education is associated with greater diversification in the ZIB model (column 4) but the findings are generally not significant in the other models. Postsecondary education is generally found to have a statistically significant association with asset diversification at conventional confidence levels 13 . For those with tertiary qualifications, however, the relationship with the decision to participate is not significant. It would appear that higher levels of education are associated with more diversification but not 16 necessarily being more likely to choose to diversify. The consistency of these findings may be constrained by the general nature of the education measure being considered. In particular, specific education of financial markets may be required in order to take appropriate assets diversification decisions. Nevertheless, it is reasonable to conclude that post-secondary education is associated with greater asset holding diversification in Australian households.
A further interesting result is the positive relationship found between social interaction and diversification. Comparing results across all four columns implies that social interaction facilitates asset holding diversification but it is not related to the participation decision of whether or not to diversify at all. A similar result to that found for the tertiary educated.
Finally, regional identifiers are included in the analysis primarily as control measures, they are found to have a jointly significant relationship with diversification (participation and distribution).
Robustness considerations.
We may wish to consider how robust the results are to some of the modelling assumptions imposed in the analysis. Here we present discussion of three of the more pertinent of these.
(a) Superannuation.
As discussed above, superannuation is a mandatory retirement scheme in Australia since its introduction at the national level in 1992. Employees are also allowed to make voluntary contributions and many may choose to do so, especially those approaching retirement.
Furthermore, holders of superannuation assets might evaluate the present value of their expected future pay-outs and adjust their current portfolios according. For these reasons, superannuation is now considered as a choice variable here. The models whose estimates are presented in Table 4 were re-estimated including superannuation, and directly comparable results are provided in Table A4 of the Appendix. The results show few significant differences, however, noteworthy exceptions apply to the relationships with age and risk aversion. We suspect strong cohort effects to be occurring with superannuation; younger workers have a greater proportion of their wage related income associated with mandatory superannuation savings whilst older workers have a greater incentive to make voluntary payments. This may also help to explain the insignificant findings for job insecurity, mortgage ratio or social interaction with the extent of asset diversification. The full effect of mandatory superannuation on the decision to diversify asset holdings and on the extent of this diversification in Australia will become clearer over time as a greater proportion of the population are equally subject to the legislation. We recommend this for future investigation.
(b) Weighting.
The HILDA survey sample grows through time as the number of joiners exceeds the number of drop-outs. The joiners are selected so as to keep the socio-demographic composition of the sample unchanged (Summerfield et al, 2013) . The analyses presented in this paper focusses on a very particular subset of the survey respondents, however, it may be the case that asset diversification is associated with non-inclusion in the survey. For example, Boheim and
Taylor (2000) argue that homelessness (and being subsequently less likely to be included as a survey respondent) is particularly pertinent when investments in housing is being analysed.
The potential presence of non-response bias in the sub-sample chosen for analysis here is tested using the variable addition test proposed by Verbeek and Nijman (1992) . The results of this test for the ZIB model (see penultimate row of Table 4 ) suggests a potential problem of systematic non-response: households remaining in the sample are apparently more likely to decide to diversify compared to the households dropping out. Inverse Probability Weighted (IPW) estimators are used to correct for (potential) attrition bias in these sample estimates (Robins et al. 1995; Fitzgerald et al. 1998 Fitzgerald et al. , 1999 Wooldridge 2002 Wooldridge , 2010 . This IPW approach is attractive since the generated weights can be applied in the context of the non-linear models used here.
Once again, the estimation procedures discussed for the results presented in Table 4 were replicated however this time with the use of the inverse probability weights.
Comparable results are provided in Table A5 households in each wave, The descriptive statistics in Table 2 suggest that the matched HH pooled sample tends (on average) to have slightly higher proportions of couple households, to be older, have a male full-time employed HH with tertiary education, and to register less job insecurity. These differences with the unconstrained pooled sample are, however, not significant at standard confidence levels. Table 4 presents results for analysis of the unconstrained pooled sample, directly comparable results for the matched HH pooled sample are presented in Table A6 of the Appendix. Once again, the results can be seen to show very little significant differences. This finding is perhaps not surprising when the distribution of asset holdings across households reveals the matched HH sample to (on average) hold higher wealth but with greater variance than the unconstrained pooled sample (comparing panels 1 and 2 of Table 3 ). Indeed, the only difference of note in the results is the increased standard errors associated with poor health and job insecurity, resulting in insignificant associations with these variables and asset holding diversification.
Conclusion
This work combines recent literature on the modelling of proportions with the growing body of research concerning household financial decisions and asset allocations to analyse the determinants of Australian households' saving allocations. In particular, the recently developed Zero-Inflated Beta model (Cook et al., 2008 ) is used to jointly estimate the asset distribution decision (i.e. whether or not to diversify) with the decision of how much to diversify. Our findings support the use of this model over the more restricted Fractional Logit or Tobit models. We find significant differences in the decision to choose to diversify asset holdings from the extent of the diversification of asset holdings.
Australian households, where the head of the household is employed, are found to be more likely to participate in asset holding diversification if the household type is a couple, has dependent children, has greater net worth or higher household equivalized income. They are less likely to choose to diversify their assets if they face liquidity constraints, have poor health, insecure job prospects or are generally risk averse.
Household asset holding diversification, given participation, is found to be significantly related to the head of the household being older, coupled, having post-secondary education and engaging in more social interaction. As households become richer (having greater net worth, higher income, lower liquidity constraints, or lower committed mortgage expenditure) they also spread their asset holdings over a more diversified portfolio.
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We find that short term concerns over job security or health are associated with less participation in, as well as a lower extent of, asset holding diversification.
From a policy perspective, a further interesting finding is the insignificance of the relationship between lower general education levels (secondary and less than secondary) and asset diversification. Studies for other countries suggest that households appear to be aware of only a subset of available stocks and that information about the availability of assets is channelled through relevant learning and social networks (Guiso et al. 2002; Campbell 2006) .
This apparent ineffective information conduit in Australia not only affects the decision of whether or not to diversify, but also affects the extent of asset diversification. Our findings clearly suggest a role for asset suppliers to further advertise the financial instruments they offer in Australia. R. and Wooden, M. (2013 Vissing-Jorgensen, A., (2003) 
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